Abstract: Two concepts of the guide vanes channels design for a low head hydraulic turbine were investigated using 2D and 3D models. Model 2D was used to generate the geometry of profiles which form a blade channel. After that by means of 3D commercial code (ANSYS/Fluent v.15), the designed cascades were examined. The characteristic parameters of compared guide vanes have been presented. The problem of low head hydraulic turbine design is important from the technical point of view for usually not typical environmental circumstances, in which the hydropower plants are planned.
Introduction
Following the authors' previous paper [1] devoted to the analytical and numerical design of guide vanes cascade, here, the attention will be paid to the details of guide vanes cascade designed for a low head hydraulic turbine. The problem is important from the practical point of view for a design of simple low head hydraulic turbine, which is not the matter of standardization due to the fact of the variety of environmental circumstances in which such installations are planned. From the theoretical point of view, the problem is also interesting, on the contrary to the common practice where aerodynamically well elaborated profiles of classical type are applied. By classical type here is meant the profiles known as NACA or GOETTINGEN series of profiles. Usually, they serve as a good solution for a single profile. In the case of turbine cascade, we need bended profiles to create angular momentum in front of a rotor cascade [2] . The profiles are located in the form of cascades. In such situation, the channels should be of high efficiency rather than the efficiency of single profile. We will distinguish here two typical classes of profiles. The first class is typical "classical" (C) profiles with thick leading edge. The second class are the profiles with rather thin leading edge (M) directed to the flow upstream perpendicular to the front of cascade, which is in the most common situation. The procedure of design, proposed here, is based on 2D and 3D models. Referring to the publication [1] , application of 2D model for the inverse problem will be briefly described. After that, a chosen version of 3D commercial program (ANSYS/Fluent 15™) for the direct problem (for the known geometry) will be briefly described as well. In 2D model, the dissipation intensity has to be prescribed "a priori" by defining the loss coefficient e.g., in the proposed hereafter function:
Version of 2D Model for the Inverse Problem
,
where, w 0 , w 1 , w 2 , w 3 , n l , n s -coefficients,
-normalized axial coordinate defined below. From mass and energy conservation equations, the following conclusion may be drawn: for high values of blockage factor and loss coefficient and pressure This means that in such case we have no solution of the problem within the frame of 2D model.
Let us denote the axial coordinates of leading and trailing edges of guide vanes cascade by , , respectively. Then it can be defined non-dimensional axial coordinate in domain of guide vane as follows: (6) so that we obtain the range of changing this parameter: 0 1. Blockage factor function is proposed as follows:
There are four parameters (coefficients) that control a distribution of blade thickness in domain of guide vanes: t 1 , t 2 , t 3 and t 4 . The shape of the proposed function takes into account the fact that at leading edge 0 , at trailing edge 1 and blockage factor  = 0.
If one imposes an additional condition that maximum thickness  max of the blade is located at coordinate then some of the parameters can be tied up according to the relations:
From these restrictions two parameters remain free, namely t 2 , t 4 . Parameter t 4 stays in front of coordinate. Thus, it controls the thickness change of profile along the radius with respect to the thickness at outer diameter. Parameter t 2 influences the thickness of guide vane profiles close to the trailing edge. It was mentioned above that 2D model assumes an infinite number of blades. Therefore, we obtain the kinematic condition upon surface, which allows drawing the line representing the trajectory of fluid particle. This line can be treated as a skeleton line for the profile with the thickness dependent on the blockage factor . In the plane view, the sketch is shown in Fig. 2 as presented in Ref. [7] . 
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The mean value of can be estimated having the numerical values from a 3D computation.
The time interval t is connected with the trajectory of representative fluid element. 
Summary of 3D Computation
The results of 3D computation are shown in Table 1 .
The parameters are ordered according to the number of blades. As the reference parameter the pressure drop was chosen to compare blade (C) and blade (M). One can see that in order to achieve the same pressure drop in the channel (M), it is necessary to assume less number of blades. This diminishes the friction losses and cost of the investment.
Comparison and Conclusions
(1) The presented approach based on the 2D and 3D models is effective in the design of blades for guide vanes cascade of a low head hydraulic (Kaplan) turbine;
(2) The proposal of two concepts of blade (channel) design shows the possibility of finding the solution which has desirable technical benefit; (3) Assuming the pressure drop along the guide vane as a criterion, the (M) profile seems to be more reasonable solution than profile (C). The fewer number of blades makes the same pressure drop.
